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OPTIMAL STRATEGIES IN THE TREATMENT OF CANCERS

IN THE LOTKA–VOLTERRA MATHEMATICAL MODEL OF COMPETITION

N. L.Grigorenko, E.N. Khailov, E. V.Grigorieva, A.D.Klimenkova

The Lotka–Volterra competition model is applied to describe the interaction between the concentrations of

healthy and cancer cell in diseases associated with blood cancer. The model is supplemented with a differential

equation characterizing the change in the concentration of a chemotherapeutic drug. The equation contains a

scalar bounded control that specifies the intensity of drug intake. We consider the problem of minimizing the

weighted difference between the concentrations of cancer and healthy cells at the end time of the treatment

period. The properties of an optimal control are established analytically with the use of the Pontryagin maximum

principle. We describe situations in which the optimal control is a relay function and situations in which the

control may contain a segment with a singular arc in addition to relay segments. The results obtained are

confirmed by corresponding numerical calculations.
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economics, and engineering. Boston: Birkhäuser, 1994, 244 p. doi: 10.1007/978-1-4612-2702-1 .

19. Levin A.Yu. Non-oscillation of solutions of the equation xn + p1(t)x
n−1 + · · · + pn(t)x = 0. Russian

Math. Surveys, 1969, vol. 24, no. 2, pp. 43–99. doi: 10.1070/RM1969v024n02ABEH001342 .

20. Zelikin M.I., Zelikina L.F. The deviation of a functional from its optimal value under chattering decreases
exponentially as the number of switchings grows. Differ. Equ., 1999, vol. 35, no. 11, pp. 1489–1493.
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22. Yegorov I., Mairet F., Gouzé J.-L. Optimal feedback strategies for bacterial growth with degradation,
recycling, and effect of temperature. Optim. Control Appl., 2018, vol. 39, no. 2, pp. 1084–1109.
doi: 10.1002/oca.2398 .

23. Grigorieva E., Khailov E. Chattering and its approximation in control of psoriasis treatment. Discrete

Contin. Dyn. Syst., Ser. B, 2019, vol. 24, no. 5, pp. 2251–2280. doi: 10.3934/dcdsb.2019094 .

24. Bonnans F., Martinon P., Giorgi D., Grélard V., Maindrault S., Tissot O., Liu J. BOCOP 2.0.5 — user

guide. 2017. Available at: URL: http://bocop.org .

Received January 16, 2020
Revised January 28, 2020

Accepted February 3, 2020

Funding Agency: The work of the first two authors was supported by the Russian Foundation for
Basic Research jointly with the Department of Science and Technology of the Government of India
(project no. 18-51-45003 IND_a).

Nikolai Leont’evich Grigorenko, Dr. Phys.-Math. Sci., Prof., Faculty of Computational Mathematics
and Cybernetics, Moscow State Lomonosov University, Moscow, 119992, Russia,
e-mail: grigor@cs.msu.su .

Evgenii Nikolaevich Khailov, Cand. Sci. (Phys.-Math.), Faculty of Computational Mathematics and
Cybernetics, Moscow State Lomonosov University, Moscow, 119992, Russia,
e-mail: khailov@cs.msu.su .

Ellina Valer’evna Grigorieva, Cand. Sci. (Phys.-Math.), Prof., Department of Mathematics and
Computer Sciences, Texas Woman’s University, Denton, TX 76204, USA,
e-mail: egrigorieva@mail.twu.edu .

Anna Dmitrievna Klimenkova, undergraduate student, Faculty of Computational Mathematics and
Cybernetics, Moscow State Lomonosov University, Moscow, 119992, Russia,
e-mail: klimenkovaad@mail.ru .



3

Cite this article as: N. L.Grigorenko, E.N.Khailov, E.V.Grigorieva, A.D.Klimenkova. Optimal
strategies in the treatment of cancers in the Lotka–Volterra mathematical model of competition.
Trudy Instituta Matematiki i Mekhaniki URO RAN, 2020, vol. 26, no. 1, pp. 71–88 .


